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1. SCOPE

This AIR presents the following factors that affect hydraulic pump life and performance:

The need to supply

e.

hydraulic fluid at the correct pressure and quality to the pump inlet port

Considerations for the pump output
Factors to be considered for the pump case drain lines
The mounting of the hydraulic pump

Hydraulic fluid properties, including cleanliness

1.1 Field of Applicatig
This document applies
ranges, such as engine

Wide speed range and
by this document.

2. REFERENCES

2.1 Applicable Docun
The following publicati
publications shall apply,|
order. In the event of co
takes precedence. Noth
exemption has been ob

NOTE: Appendix A pro
noted that some

2.1.1  SAE Publicatior]

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-

Canada) or 724-776-49

=}

0 pumps operating constantly or for long periods at quasi-constant speed
driven or electric motor driven pumps.

ntermittent duty cycle pumps, such as those used in Electrohydrostatic Ac

ents

pns form a part of this specification.to the extent specified herein. T
hflict between the text of this spetification and references cited herein, the
ing in this specification, howevVer, supersedes applicable laws and regul

ained.

vides a list of documents that provide additional hydraulic system design
documents may be difficult to obtain.

S

0 (outside USA), www.sae.org.

AIR810 Degrad

or within narrow speed

tuators, are not covered

he latest issue of SAE

The applicable issue of other publications shall be the issue in effect on the date of the purchase

text of this specification
ations unless a specific

nformation. It should be

7323 (inside USA and

ation Limits of Hydrocarbon-Based Hydraulic Fluids, MIL-H-5606, MIL-H-4

083, MIL-H-83282, and

MIL-H-46170 Used in Hydraulic Test Stands

AlIR4543
AIRS277
AIR5829 Airin Ai
AS595

AS1241
AS4059

AS19692 Pumps,

Aerospace Hydraulics and Actuation Lessons Learned

rcraft Hydraulic Systems

Fire Resistant Phosphate Ester Hydraulic Fluid for Aircraft

Aerospace Cleanliness Classification for Hydraulic Fluids

Hydraulic, Variable Delivery, General Specification For

Aerospace Fluid Power - Waste Reduction Practices for Used Phosphate Ester Aviation Hydraulic Fluid

Aerospace — Civil Type Variable Delivery, Pressure Compensated, Hydraulic Pump
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2.1.2 RTCA Publications

Available from Radio Technical Commission for Aeronautics, Inc., 1828 L Street, NW, Suite 805, Washington, DC 20036,
Tel: 202-833-9339, www.rtca.org.

RTCA/DO-160 Environmental Conditions and Test Procedures for Airborne Equipment
2.1.3 US Government Publications

Available from Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue, Philadelphia,
PA 19111-5094. Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch.

MIL-STD-810 Environmental Test Methods and Engineering Guidelines

MIL-PRF-5606  Hydrgulic Fluid Petroleum Base Aircraft, Missile and Ordnance

MIL-F-8815 Filter |and Filter Elements, Fluid Pressure, Hydraulic Line, 15 Micron.Absolute [and 5 Micron Absolute,
Type [Il Systems, General Specification For

MIL-PRF-83282 Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft
MIL-PRF-87257 Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft
2.2 Related Publicatigns

The following publications are provided for information purposesonly, and is not a required parf of this SAE Aerospace
document.

2.2.1  SAE Publications

Available from SAE Infernational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, TeJ: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

ARP4752 Aerospace - Design and Installation of Commercial Transport Aircraft Hydraulic Systems
AS5440 Hydraulic Systems, Aircraft, Design and Installation Requirements For
2.3 Definitions

DISSOLVED AIR: This is airthat is physically in solution in the hydraulic fluid.

ENTRAINED AIR: This is air in the form of bubbles that are typically less than 0.04 inch (1 mm) in diameter that are
dispersed in the hydraulic fluid.

FREE AIR: This is a pocket of air that is trapped in part of a hydraulic system

HYDRAULIC PUMP STABILITY: This is the freedom from persistent or quasi-persistent oscillation of the delivery control
mechanism.

OUTGASSING PRESSURE: This is the pressure below which dissolved gas begins to separate from the fluid and
becomes free or entrained.
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RESPONSE TIME: This is the rate of change of displacement of the pump when subjected to a specific discharge circuit
transient. On most pump models it is not possible to measure the pump displacement. Instead, a test can be carefully
designed wherein it is possible to deduce the change in displacement of the pump by the inspection of the pump
discharge pressure. This measurement is called “Response Time” as it is a dynamic characteristic of a pump operating in
a specified discharge circuit. It is not strictly an attribute of the pump. In such a test, the response time is the time interval
between the instant when an increase (or decrease) in discharge pressure change initiates; and the subsequent instant
when the discharge pressure reaches its first maximum (or minimum) value.

SATURATION PRESSURE: This is the static pressure below which there occurs a net migration of molecules (normally
atmospheric) to the gaseous state (outgassing). The steady-state saturation pressure of hydraulic fluid at rest in an open
container is the local atmospheric pressure. The saturation pressure in a system may not be homogeneous and may
change over time.

VAPOR PRESSURE: This is the pressure below which the fluid changes phase and forms vapor Qubbles.
3. PUMP INLET LINE

3.1  General

Any positive displacemeént pump designed to flow a liquid requires some minimum pressure at |its inlet port to produce
satisfactory performance. The magnitude of this minimum pressure (expressed in terms of absolufe pressure such as psia
(kPa abs)) is a function|of the pump's design, shaft speed, duty cycle and the viscosity of the liquid being pumped. If the
pump is mounted insidg an open reservoir of liquid, the inlet pressure will:be atmospheric plus the "head" of liquid above
the pump. If such an |nstallation does not provide the necessary ,inlet pressure, the reservojr could be closed and
pressurized by some means to the pressure required by the pump forthe particular set of operating conditions.

For numerous reasons] it is often impractical to mount the. pump inside a reservoir, thus the npeed for an inlet line to
connect the source of liquid with the pump inlet port. Furthermore, in practice the medium is not a pure liquid but a mixture
of fluids, as there is always some air mixed in it. To the extent that the inlet line affects the net inlef pressure and quality of
the fluid available at the pump, it has a significant effect on the pump's performance and life. (The term “quality” here
refers to the form of air mixed in the liquid.)

The primary factors to be considered so as to &nsure that the inlet line is optimized for supplying fluid to the pump are:

Its cross-section

Length, routing

Restrictions

Air tightness
3.2 Inlet Pressure

Despite the many improvements made to hydraulic fluids (e.g., lubricity, shear strength, viscosity stability, etc.), one
physical characteristic cannot be changed, and that is the complete lack of tensile strength of the fluid. It is, therefore,
impossible to move a quantity of liquid, larger than a drop, by pulling on it and to move a fluid it must be pushed, that is,
propelled by pressure behind it — even to the inlet of a pump.

To obtain satisfactory performance and life from a positive displacement pump, its internal pumping elements must
remain filled with fluid, ideally as close as possible to a pure liquid. To achieve this, not only must free air be avoided, but
also the fluid environment must remain above the fluid's outgassing pressure and especially above its vapor pressure. For
the fluids of interest, even at their maximum system operating temperature, the vapor pressure is typically below 1.0 psia
(6.9 kPa abs), which may sound too low to be of practical concern. However, this low pressure can easily occur at the
valving surfaces inside a pump operating at high speeds or during flow transients in long inlet lines.
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NOTE: Airframe inertial accelerations also can act on the fluid mass and that the momentum of flowing fluid are also
factors.

Between the pump inlet port and the actual internal pumping elements, there are, of necessity, fluid passages of discrete
dimensions. In addition, there is a valving mechanism to separate the inlet area from the high pressure discharge area.
These generate a restriction to fluid flow, hence a pressure drop. Consequently, to maintain close to saturation pressure
in the pumping elements, the pressure at the inlet port must be somewhat higher. The resulting pressure for practical
purposes is designated as the "Critical Inlet Pressure of the Pump".

The magnitude of the critical inlet pressure will vary as a function of pump design, operating conditions and fluid
characteristics. It should be noted that at low temperatures (typically between 32 °F to 64 °F (0 °C to 16 °C)), the fluid flow
tends to become laminar, thus increasing the critical inlet pressure due to fluid viscosity effects within the pump.

Typical critical inlet pre
for a specific pump sho

Operation below this cr
pressure ripple, and re
pressure was below the
damage, the destructivg

It is also important to re
contains substantial am

3.3 Cavitation

If the inlet fluid contain
below its outgassing prd
be bubbles. After thesg
collapse violently and ¢

1sure (Pgrit) requirements are shown in Figure 1 for various pump sizes. T|

Id be readily available from the pump manufacturers.

tical inlet pressure will cause pump cavitation with subsequent reduction
sult in severe damage to the pump. The amount of damage,depends

critical value, and for how long. While periods of only a few millisecond
ness is cumulative and can manifest itself as serious damage in less than

member that the measured pressure at the pump inlet may appear adequa
bunts of undissolved air. In such cases, pump damage will still occur.

5 entrained (undissolved) gas, typicallyair, or if the inlet pressure of the
ssure so that dissolved air comes out of solution or worse yet, below its v
enter the pumping elements and’are then compressed to pump disch
enerate a shockwave. In the ‘case of piston pumps, this violent release

manifest itself as cavitafion erosion in such areas as:

Shoes/slippers

e Shoe bearing/wear

Cylinder blocks/cylinder barrels

Valving plates/port plates

blates

he critical inlet pressure

n outlet flow, increased
on how much the inlet
5 will cause only limited
a hundred hours.

te even though the fluid

fluid is allowed to drop
apor pressure, there will
arge pressure, they will
of localized energy will

The occurrence of cavi

atiom s ctearty oticeabte by its characteristic moise—and-time—vibratior:

However, in the case of

pressure transients, the noise and vibration may be masked by other factors. Damage to the pumping elements as a
result of cavitation consists of small particles of material being removed from their surfaces and subsequently carried by
the fluid through the discharge and case drain ports into the system. Since there is material removed, the damage is
cumulative.

The material removal can cause changes to pump timing and hydrostatic balance, which in turn can cause premature
wear of the sliding surfaces. Additionally, the wear debris in suspension may score other hydrodynamic sliding surfaces
thereby creating more debris. Most of the contaminants will then circulate through the pump bearings precipitating their
premature failure.

It is therefore important that pump cavitation is avoided at all times, including during transient conditions. The design of
the system and components should ensure that the required inlet pressure on the fluid at the pump is always maintained.
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FIGURE 1 - TYPICAL CRITICAL INLET PRESSURE VALUES FOR INLINE PUMPS
NOTES: 1. Consultthe hydraulic pump supplier for the definitive critical inlet pressure for a specific pump application.
2. The inlet pressures shown in Figure 1 are for pumps operating with MIL-PRF-5606, MIL-PRF-83282 and

MIL-PRF-87257 hydraulic fluids at nominal fluid temperatures. An increase of 30% is recommended for
operation with AS1241 hydraulic fluids to allow for their increased density compared to the MIL-PRF fluids.
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3.4  Air in Hydraulic Fluids

The hydraulic system can contain air in three forms:

a. Dissolved air

b. Entrained air

c. Freeair

The first two were commented on as they affect cavitation, and will be cited again in relation to inlet line configuration.

Extensive articles have been written on air in_hydraulic fluids, including experience with quantitative amounts of dissolved
and entrained air.

Free air in a hydraulic|system can also cause extensive damage to pumps as well asCother ¢gomponents. It does so
primarily by interrupting|the lubricating fluid film in critical areas, hence allowing metal-te-metal cgntact. Aside from pump
damage, free air (often manifested as foam) can have serious operational effects such7as:

e System instability

Increased pressurelripple

The loss of pump prfime

The inability of the gump to maintain flow and pressure

Damaging the hydraulic fluid over time because whef-free air is compressed to design opergting pressure, will also
create a very tiny, but extremely hot, pocket of gas:

The presence of free a|r is often due to inadequate bleeding of the system; however, poorly thpught-out design details
can make adequate blegding next to impossible.

System design details that will help avoid serious air problems include:
a. Ensure that the pump case draifa’port is located in the upward direction

b. Avoid non-uniformity in line'size and sharp bends in the pump inlet line

c. As hoses generally cadse a larger pressure drop than tubing, they should be used with caution

d. Design tubing routes to prevent air, water, and particulate entrapment and avoid vertical loops in the inlet line as this
increases the risk of having air traps which make pump priming and system bleeding very difficult and sometimes
impossible during adverse conditions.

e. Ensure that hydraulic controls elevated above the reservoir can be adequately bled during ground maintenance
activities

f. Install bleed valves at high points in the hydraulic system to remove entrapped air
NOTE: Bleed valves are normally installed where there is an air trap combined with low pressures and low flow rates.

g. Minimize the number of fittings in pump inlet lines. While these may not leak hydraulic fluid, they can ingest air
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h. With bootstrap reservoirs:

1.

2.

potential of free

5.

air

Provide low piston friction to reduce the vacuum effect in the inlet line as the hydraulic system cools down
Provide sufficient auxiliary force (i.e., spring, gas pressure, etc.) to retain the reservoir piston against the fluid
Provide automatic bleed valves permanently mounted at the highest point of the reservoir to bleed free air

Provide an in-system air eliminator to reduce dissolved air to below saturation conditions to further reduce the

Assure components do not include restrictors that cause air formation as discussed in AIR5829 and AIR4543.

With air-pressurized
1. The use of a hy
the start-up con

2. Use an air to oil
NOTE: If a separatd

3. The use of uns
system which ¢
include an integ

3.5 Boost Pumps

3.5.1 Integral Inlet Bo
When the inlet line is @
positive displacement p
an impeller, into the pun

The pressure boost caj
range, depending on tk
parameters are in their
10 psia (34.5 to 69 kP4
inlet pressure may requ

reservoirs:

draulic fuse (by-pass valve) between the pump discharge and return 'or in
dition

separator in the reservoir
ris used, then the bootstrap reservoir requirements (h),,3,4 and 5 apply.
eparated, air-pressurized reservoirs can significantly increase the diss

An lead to out-gassing in the pump suction line."In this arrangement, it
ral inlet boost stage in the pump (ref 3.5.1)

ost Stage in the Pump

ompromised, or reservoirspressure too low, the resulting inlet pressure
imp. In that case, the pump’manufacturer may incorporate an integral inle

hp.

let may be desirable for

Ived air content of the
ay be advantageous to

may be too low for the
t boost section, typically

babilities of typical,) well designed centrifugal impellers are in the 20 to 4
eir size and-«eperating speed, as well as the flow rate, fluid and temp
pbptimal conibination, the critical inlet pressure of the pump combination ¢

re the’addition of inducers or injectors, in addition to an impeller.

Integral boost mechanig

0 psi (138 to 276 kPa)
rature. When all these
be reduced to the 5 to

abs) range.. Effective performance without cavitation below approximately 5 psia (34.5 kPa abs)

ms.in the pump can be very effective and have the advantage of dissolving some of the entrained

air, but add considerable size, weight and cost to the pump. Their design is very critical and maximum effectiveness is in
a relatively narrow performance band in terms of speed and temperature, as compared to that of the positive
displacement pump. In many situations, the total system would be better served by improving the inlet line (reducing its
pressure drop) than by tolerating an inferior inlet line with the more complex two-stage or even three-stage pump

combinations.
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3.5.2 Alternatives

The following should be considered if it is not feasible or desirable to introduce an integral inlet boost section into the

pump:

a.
as it minimizes the

side effects of the air in the fluid

Incorporate a centrifugal boost pump near the reservoir produces one of the best inlet conditions for the main pump

Install a charged accumulator installed in close proximity to the pump inlet port if a poor inlet condition occurs only

To allow or specify a slower pump response when high flows are required from large displacement pumps with

Hisconnects installed close to or in the pump inlet port are to have a-minir
ming out of solution at the pump inlet).

b.
during transients
C.
marginal inlet pressure
d. Fittings and quick
is to prevent air co
3.6 Inlet Line - Sizing

The design of the pum
hydraulic pump life. On
are understood, attentio

At the reservoir end, sy
inlet port, the fluid pre
conditions.

To put these conditions
demand that a variablg
200 ms. While most pu
out what you do not pu
will also be accelerated

It follows then that reser

and Configuration

b inlet line, reservoir location, and reservoir pressurization are major sy
ce the basic needs of pump inlet pressure and the igevitable consequen
h to the components in the pump inlet line becomes more meaningful.
fficient pressure must be available to push the fluid through the inlet ling
ssure is still above the pump's critical inlet-pressure under the worst
in perspective, it must be remembered that the response requirements of

volume pump responds from its:zero flow "dead headed" condition to

in". Therefore, the inlet préssurization must be such that the entire mas
in 50 to 200 ms and still remain above the critical inlet pressure at the pun

voir pressure shouldbe determined by the following elements:

Presv = Perit + APacc + APcom + Apiin + Apsta

nal pressure drop. (This

stem elements affecting

ces of air and cavitation

such that, at the pump
commonly encountered

many hydraulic systems
full flow output in 50 to

mps have little difficulty in providing such response, it must be remembered that "you cannot get

5 of fluid in the inlet line
p inlet port.

Where:
Presv = Reservoir pressure
Peit = Pump critical inlet pressure

AP, = Pressure to accelerate fluid mass in pump response time

AP¢m = Pressure loss of inlet line components at maximum flow

APy, = Frictional pressure loss in inlet line and hose assembly at maximum flow

APg, = Static pressure head

3.6.1

Pump Critical Inlet Pressure

This is discussed in section 3.2.
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3.6.2 Transient or Acceleration Pressure

The transient or acceleration pressure (AP,) is that pressure necessary to accelerate the fluid mass in the inlet line to
the maximum required flow within the response time of the pump. The pressure can be determined from the basic
equation for acceleration force (F = ma) as follows:

m = pAL (fluid density x volume)

a= (:j—\: (time rate of change of velocity)

(Eq. 2)

(Ea. 3)

The acceleration pressu

where:
AP, = Pressure requirg
dQ = Maximum flow ch3
dt = Pump response (s€¢

L = Inlet line length, ft (N

dQ
E=pAbx D —on y A A0
" dat " dt  © dt
re needed to produce this force is:
APaCC = E :p—szg
A n/4xDs dt

bd to accelerate, psi (kPa)
nge (gal/min), gpm (L/min)
conds), s

)

h

D = Tube inside diameter, in (mm)

p = Mass density of the
A = Tube inside cross-s

When converted to a fo

fluid, Ib,/ft° (kg/L)
bction area, in”(mm?)

rm that utilizes the commonly used engineering units, and assuming a lin

foregoing formula appears as/follows:

(Ea. 5)

bar pump response, the

AF gcc OO0. 1 X U D2 dt \Ellgllbllullllb)
dQ

AP =212 PL o

o2 rr (metric units)

(Eq. 6)
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3.6.2.1  Allowance for

Fluid Acceleration Non-Uniformity

If the non-uniformity of the fluid acceleration due to wave effects is taken into account, then the transient pressure term
AP, is oscillatory, with its average value given by Equation 5, but with its maximum value given by:

where:

APqec = ((p €) X (AQ/A))

c = wave speed in fluid = (B/p)°*°

B = adiabatic bulk modu

lus, psi (kPa)

(Eq.7)

AQ = flow change at pU||np during time 2At, in*/sec
At = time for the pressuie wave to travel distance L from pump to the reservoir = L/c

If dQ/dt is constant ovgr the time 2At, then AQ is equal to 2At.dQ/dt or 2 (L/c) dQ/dt, so that

Equation 7, one gets:

When converted to a fo

foregoing formula appears as follows:

It should be noted that the derivation of equation 6b assumes that the fluid pressure stays high e

to stay in solution and 1
hose, then the equation
program may be require
3.6.3 Component Flo

Component flow losses

Maximum value of AP, = 2 p L (dQ/dt) /A)

m that utilizes the commonly used engineeringUnits, and assuming a lin
AP, = 176.2 x 108 ek dQ (English units)
D2 dt

APgq = 42:4 pL 4 (metric units)
D2 dt

or no fluid turning from liquid into vapor. Also, if part of the inlet line is ¢
5 for the maximum value of AP,.;, become more complex and the use
d.

v Losses

(P3om) are those generated by such typical items as a shutoff valve, ¢

substituting its value in

(Eq. 8)

bar pump response, the

(Eq. 9)

nough for the air in fluid
tube and part of it is a
of a dynamic analysis

neck valves, filters, and

fittings. All of these sho

uld be avolded where possible, and certainly minimized In their efiect on

he pressure drop in the

inlet line. The pressure drop at rated flow for each of these components is obtained from their manufacturers and treated
cumulatively for a total component pressure loss value.

A less obvious effect of inlet component restriction and the resultant pressure drop is the possibility of outgassing the
fluid; that is, dissolved air coming out of solution. This can be thought of as a local phenomenon. Provided there is
enough pressure left and sufficient distance between the component and the pump inlet, the air can go back into solution
downstream prior to reaching the pump. It is, therefore, desirable to keep all inlet line components, including quick
disconnect couplings, as far away as possible from the pump to give the fluid a chance to recover from the outgassing

phenomenon.

A special note of caution is given for systems with an inlet line pressure below atmospheric pressure; some fittings will
seal pressure adequately from the inside, but not necessarily seal as well from the outside. In such cases, air will leak into

the inlet line.
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3.6.4

Line Friction Loss

The next element in the sum of inlet pressure considerations is the fluid friction loss (APj,) in the line (including hoses)
itself. The pressure drop in a line for maximum steady state flow can be calculated by the standard formulas used for
turbulent or laminar flow conditions.

Paragraph 3.6.7 provides the method and formulas to determine the Reynolds number for laminar or turbulent flow

conditions.

Pressure loss data for v.

arious pipe diameters and hydraulic fluids are provided as follows:

Figures 2a to 5b provide turbulent flow pressure loss data with the fluid temperature at 180 °F/82 °C

Figure 6 provides a pre
temperatures

Figures 7a to 10b proviq

Figure 11 provides a pr
temperatures

NOTES:
1. Turbulent flow - for

2. Laminar flow - for p

It is recommended tha
system) be used to cal

ssure loss correction factor to enable the turbulent flow pressure losses

o0 be estimated at other

e laminar flow pressure loss data with the fluid temperature at 0 °F/>18 °C

essure loss correction factor to enable the laminar flow pressure losses

bressurized lines, increase the basic pressure less by 3% per 1000 psi pre

essurized lines, increase the basic pressurg.loss by 15% per 1000 psi pre

[ the maximum pump flow at maximum application speed (not the m3

culate the steady state line loss. Line' losses should be determined at th

which full system operation is required. This temperature’is often -20 °F (-29 °C) for military

applications. Fast respg
an aircraft system is a

demands from the pump.

3.6.5 Static Pressure

If the pump height is m
must be added to the re|

nse aircraft or missile systems-may require full system operation at lower
lowed time to warm to the =20 °F (-29 °C) operating temperature priof

Head

bre than a few-inches or centimeters above that of the reservoir, the stat
quired reseryoir pressure.

APg, = .0007 p hy (English units)

0 be estimated at other

ssure
ssure.
ximum demand on the
b lowest temperature at
and commercial aircraft

emperatures. Normally,
to requiring large flow

c pressure head (APg)

(Eq. 10)

where:

p = Density of the fluid in Ib,, m/ft’

h,= Height difference in

or

where:

feet

APga = 9.8 p hy (metric units)

p = Density of the fluid in kg/L

h, = Height difference in

meters
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FIGURE 2A - PRESSURE LOSS IN HYDRAULIC LINES - TURBULENT FLOW - MIL-PRF-5606, T = 180 °F (82 °C)
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FIGURE 2B - PRESSURE LOSS IN HYDRAULIC LINES - TURBULENT FLOW - MIL-PRF-5606, T= 82 °C (180 °F)
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FIGURE 3A - PRESSURE LOSS IN HYDRAULIC LINES - TURBULENT FLOW - MIL-PRF-87257, T = 180 °F (82 °C)
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FIGURE 4A - PRESSURE LOSS IN HYDRAULIC LINES - TURBULENT FLOW - MIL-PRF-83282, T = 180 °F (82 °C)
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FIGURE 5B - PRESSURE LOSS IN HYDRAULIC LINES - TURBULENT FLOW — AS1241, T= 82 °C (180 °F)
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FIGURE 7B - FOR PRESSURE LOSS IN HYDRAULIC LINES - LAMINAR FLOW - MIL-PRF-5606, T = -18 °C (0 °F)
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3.6.6 Example Calculation of Required Reservoir Pressure
a. Hydraulic fluid, MIL-PRF-5606

b. Operating temperature, -20 °F (-29 °C)

c. Flow, 35 gpm (132 L/min)

d. Inlet line size diameter OD, 1.25 in (32 mm)

e. Wall thickness inlet line, 0.049 in (1.24 mm)

f. Length inlet line, 18 ft (5.5 m)

g. Effective inlet length, 20 ft (6.1 m)

h. Critical inlet pressurne, 35 psia (241 kPa abs)

i. Response time, 0.090 s (50 ms)

j.  Pressure drop inlet pomponents, 12 psi (83 kPa)
k. Pump height over rgservoir, 3 ft (.91 m)

. Fluid density, 55.7 Ib m/ft® (.89 kg/L) @ -20 °F (-29 °C); 52.2 Ib/ft° (.84 kg/L) @ 120 °F (49 °

C)
-

3.6.6.1 Find APy,
a. From Figure 2a: the| pressure loss at 180 °F (82 °C), =\0.2 psi/ft (4.5 kPa/m)
b. From Figure 6:
1. Temperature cdrrection for -20 °F (-29°C) = 2.5
2. Net pressure logs = 0.5 psi/ft (11'kPa/m)
c. From Figure 7a: the| pressuredess at 0 °F (-18 °C) = 0.45 psi/ft (10 kPa/m)

d. From Figure 11:

1. Temperature cdrrection for -20 °F (-’)Q °(‘) =18

2. Net pressure loss = 0.8 psi/ft (18 kPa/m)
Calculating the Reynolds number (refer to 3.6.7), flow becomes laminar, and 0.8 psi/ft (18 kPa/m) applies.
AP, = 20 ft x .8 psi/ ft = 16 psi (Eq. 11)
or

=6.1mx20kPa/m =122 kPa
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NOTES: 1. If the operating temperature were 120 °F (49 °C), the flow would remain turbulent, and the pressure drop
would be 0.24 psi/ft (5.4 kPa/m).

2.The 20 ft (6.1 m) line length is effective length, and therefore already takes into account the effect of routing bends.
3.6.6.2 Find APy

NOTE: For the purposes of this calculation, the non-uniformity of fluid acceleration has been ignored

a. English:
APa = 88.1x10° p H"—Qx df (Eq. 12)
D \13
=88.1x10° (55'7)(12) x—=39)
(1.152)¢  (0.050)
= 46.6 psi (English)
b. Metric:
_ pL dQ
APgec =21.2 d—zxa (Eq. 13)
— 212 (0.89)(52.5) « (132)
(29.3)>  (0.050)
=319 kPa (metric)
3.6.6.3 Find APy,
APsta” =0.007 p hy = 0.007 x 55.7 x 3 = 1.2 psi (English) (Eq. 14)
or
=9.8 p h; =9.8 x.89 x.91 =7.9 kPa (metric
3.6.6.4 Find P,
F’resv = F’crit + APacc +APcom + AF)Iin + AF’sta (Eq 15)

=35+46.6 +12+ 16 + 1.2 = 111 psia (English)
or

=241+319+ 83 +110 + 7.9 = 761 kPa (metric)
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3.6.6.5 Alternative Assumptions/Requirements

Even though the following calculations make some approximations, the results are of practical use and highlight the
significant effects of:

e Fluid acceleration
e Fluid temperature

e Just one line size change

3.6.6.5.1  Non-Uniformity of Fluid Acceleration

This affects the AP, tefm
a. English:

APaee = 176.2x 108 x p #x% (Eq. 16)

55.7)(18). ° (35)

=176.2x 10°® ( 3
(1.1529%  (0.050)

= 93.2 psi (English)
Presv = Pcrit + APacc + AI:’com"' APIin + APsta (Eq 17)
Presy= 35 + 93:2 + 12 + 16 + 1.2 = 157 psia (English)

b. Metric:

L _dQ
AP = 42.4 —32 X
(0.89)(5.5) (132)

=424
(29.3)>  (0.050)

= 638 kPa (metric)

F)resv = F)crit + APacc + AF)com"' AF’Iin + APsta

=241+638+ 83+ 110 + 7.9 = 1080 kPa (metric)
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3.6.6.5.2

Higher Fluid Temperature

Had full operation been a requirement at say, 120 °F (49 °C) or above, the following values would have applied:

a.

b.

Peit = 30 psi (207 kPa)
AP = 43.7 psi (301 kPa)
APgom = 9 psi (62 kPa)

APy, = 5 psi (34 kPa)

3.6.6.5.3

Had an inlet line of 1.5(
120 °F (49 °C) would hg
3.6.7 Hydraulic Line |
For most airborne hydrd
exist during normal opsg
drop for such a case w

cycle may be complete
laminar flow may be pre

APgs = 1.1 psi (8 kPa)

F)resv = F)crit + APacc + AF)com"' AF’Iin + APsta
=30+43.7+9+5+ 1.1 =289 psia (English)

=207 + 301 + 62 + 34 + 8 = 612 kPa (métric)

Increased Inlet Tube Diameter

in (38 mm) diameter been used and with the ‘€commensurate inlet comp
ve required approximately 72 psia (496 kPa dbs.) at the reservoir for the g

osses

ulic power transmission systems, the flow rates and line sizes will be sug
ration. During off-design operation at very low power, laminar flow migh
buld be trivial. In the case of thydraulic starting systems for jet engines, |
| before the system température is raised appreciably above its original |
sent at large flow rates, and must be considered in the system analysis.

For laminar and turbulent pipe flow, the following expressions may be used:

a. Reynolds Number

R= Y0

= 3163 Q (English)
% vD

bnents, the operation at
bove example.

h that turbulent flow will
exist; but the pressure
owever, the entire duty
bvel. For such systems,

(Eq. 18)

b. Friction Factor (Eng

1. Laminar flow

2. Turbulent flow

R =21220 3 (metric))
vD

lish and metric)
flam = 64/R

furp = .316/R%

(Eq. 19)

(Eq. 20)
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C.

where:

Pressure Drop Per Line Length

AP _

2
4 Q .

2

AP 225X 10%fp Q—5 (Metric)
D

Q = Volume flow, gpm (L/min)

(Eq. 21)

D = Line inside diamete

v’ = Fluid viscosity (kine|

v = Fluid viscosity (kinefnatic), centistokes (cs)

p = Fluid density, Ibm/ft]
AP = Pressure drop, Ibf)
L = Length, ft (m)

V = Flow velocity, in/s (i
F = Friction factor

NOTE: R < 2100 is co
and turbulent, a

When determining systg
for both laminar and tur
value.

4. PUMP OUTLET LIN

Factors in the pump out

[, in (mm)

matic), in*/s (mm?/s)

(kg/L)

in” (kPa)

n/s)

hsidered laminar, R betweer~2100 and 4000 is considered to be the tra
nd R > 4000 is considered\turbulent.

m pressure drop, the appropriate flow condition may be ascertained by fi
bulent flow at the given temperature, line size, and flow rate, then using 1

E

et (pressure) line that affect pump life include:

hsition between laminar

nding the pressure drop
he larger pressure drop

a. Pressure pulsations

b. Pump-system response

C.

d. Parallel pump instal

Using a check valve in the pump outlet line

lation
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4.1 Pressure Pulsatio

41.1 General

ns

The pulsations in the output flow of a piston-type hydraulic pump are transmitted throughout the pressure side of the
hydraulic system. The dynamic resistance (impedance) of the hydraulic system fluid translates the flow pulsations into
pressure pulsations, also known as pressure ripple.

Unsteady flow is produced by a positive-displacement pump due to two factors:

The kinematic flow ripple arises due to the summing of the sinusoidal output flows of the pumping elements. For

pumps with nine or more pumping elements, the kinematic flow ripple is approximately 1.5%. The frequency of the
kinematic flow ripple for pumps with an odd number of pistons is 2 times the piston pass frequency.

a.
The piston pass freg
Example: A nine pis

b. The other much lan

element that is tran
system pressure. T|
pump chamber pres

In addition to the piston
first, second and third h
Hydraulic flow/pressurd
frequency (speed) and
column, a resonance cg
kPa) in a 3000 psi (2
hardware as excessive
In extreme cases, the p

changes to the system and/or pump may be required to reduce pressure pulsations at system res|

they occur at primary of

Consideration must be
ranges. The pump and
other conditions that prq

juency is equal to the product of the drive speed and the pumping elemen
ton pump rotating at 5000 rpm has a piston pass frequency of 750"Hz.

9 pistons x 5000 rpm
60s/min

= 750Hz

ger source of flow ripple is due to the compressibility of the fluid. The
sitioning from low pressure to high is delayed injorder to raise the chamk
his is called the pump timing. This delay, together with any mismatch
sure when the pumping element is open, causes flow oscillation.

pass frequency as determined above; significant pulsation amplitudes a
armonics as well, and these should also be considered in the design of

pulsations excite high frequency mechanical motion in lines and d
harmonics of the acoustic.s@urce (pump) is equal to a natural frequen
ndition occurs. Pressure pulsations at resonance may be very high, for ex
) 700 kPa) system. These resonant conditions are potentially very de
motion causes stresses that may result in failure of lines, components anc
ressure vessel (lines’or components) may reach fatigue failure limits in a

erating conditions (e.g., idle, cruise, etc.) but not necessarily at transient ¢

given te-operation outside the nominal operating conditions of speed,
systémr may be compatible under the normal operating conditions but 3

duce high levels of pressure ripple. These may be of short duration during
o t

S.

(Eq. 22)

bpening of the pumping
er pressure to near the
n system pressure and

e often observed at the
the system installation.
omponents. When the
cy of the hydraulic fluid
ample, + 1000 psi (6900
structive to the system
i/or mounting hardware.
few minutes. Therefore
pnant frequencies when
onditions.

ressure or temperature
ffect resonances under
) the start-up phase that

it is of no serious conc

i hiit anv Aanact narcictant canditinn chanlld ha traqtad wwith cara o
SH oty GuaSperStiISteRt—-6oRaHHoR—Sote—petreate a—wWhn—eatre;,—aSs—

involved are high. A high number of cycles can be accumulated over the life of an aircraft.

e pulsation frequencies

Pressure pulsations in the outlet line can also have an effect on pump life as high frequency resonant pulses reflected
back to the pump can cause the pump compensator mechanism to oscillate at the high frequency, with resultant rapid
wear of the pump parts. Test data has illustrated that lower pressure pulsations result in lower pulses being reflected
back to the pump from the system. It has also been demonstrated in some systems that higher pressure pulsations
reduce pump life as well as the life of other components. The failure of components downstream of the pump can also
result in reduced pump life.

Pressure pulsations also occur in the pump inlet/return system. Normally, the inlet side of the system is not a problem
because of the low pressure and low energy level at which it operates. However, thin wall tubing, high installation
stresses, and an adverse resonance condition could produce failures in the inlet side of the system.
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The coupling of hydraulic to mechanical resonances is a complex phenomenon, and is a function of line size and material,
configuration (routing), and installation constraints. The total stresses in lines are a combination of hoop stress from
internal pressure and bending stress due to installation and induced vibration. Large pump outlet and inlet lines having an
outside diameter (OD) of 1 in (25 mm) and above are particularly vulnerable to high installation stress. The total combined
line stress must be low enough to provide infinite fatigue life.

4.1.2 Acceptable Level of Pressure Pulsations

An acceptable level of pressure pulsation in one system may not be acceptable in another system due to differences in
mechanical response. High frequency line motion induced by pressure pulsations cannot be controlled by normal line
support techniques such as clamps. Clamps must be designed to withstand the line vibration without wearing out the
cushion between the clamp and line or causing chafing through the line. Pressure pulsation requirements are often

specified to be <10% and <5% (peak-to-peak) of rated pressure for military and commercial aircraft respectively.

The following relates ce

a. >1100 psi (>7586 K
Possible failures of
b. >600 psi (>4138 kP

frequent inspectiong

The first category (>11
(>600 psi ((>4139 kPa)
amount of operational
laboratory simulator ang
pump outlet port to the
continuous operating sp

If stress levels due to p
must be considered. H
However, one must acg
and larger diameters.

It should be noted thg
environments are relati
precludes significant vily

41.3 Means to Redu

htral system pulsation level to potential problems.

Pa) (peak-to-peak): Rapid failure of pump discharge line due tQ'préssure
mounting structure and internal functions of central components

a) (peak-to-peak): Line clamp cushion wear out, line failUre due to clamp
required, discharge line check valve wear out

DO psi (>7586 kPa) (peak-to-peak)) is a potential,safety of flight situatio
peak-to-peak)) is one of nuisance level problems that probably surfaces g

| the first flight aircraft to preclude failures of the first category. Changing
filter or other simple plumbing changes may be identified to relocate
eeds.

essure pulsations are not acceptable, wide-band attenuators or hoses fof
oses may provide mechanical decoupling which can eliminate clampl/l
ept the penalties when using hoses instead of tubing, such as limited life,

t away from th€ high acoustic energy of the pumps, gearboxes, and
ely benign. Goed line support and adequate clearances between lines,
ration related-problems.

ce Pressure Pulsations

Techniques that signifi

and vibration stresses.

chafing, poor clamp life,

. The second category
nly after a considerable

flight experience. The best approach is to(verify the acceptable line sfresses on the systems

the line length from the
resonances away from

mechanical decoupling
ne wear out problems.
added weight and cost,

engines, the vibration
and lines and structure,

antly reduce system pressure pulsations over the operating speed ran

je of the pump include

attenuation components such as:

most of the pulsations generated by the pump

phase pulsations, but at only at a specific pump speed

Adding a flow-through volume in the pump outlet port - this can generate anti-phase pulsations that will damp out

Adding a stand-off volume (such as a teed-off line) downstream of the pump outlet port - this can also generate anti-

NOTE: The attenuating means should be located as close to the source (pump) as possible for maximum protection of
the downstream system as well the pump itself. If attenuators are to be installed at some downstream distance
from the pump, the hydraulic line between the pump and attenuator must be checked to verify that no resonant
conditions exist.

output

Adding a filter close to the outlet port - the filter element absorbs all the pressure pulsations and provides a ripple free
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¢ Adding an accumulator to the central system which can damp out any resonances in the pressure line

o Making some detail changes inside the pump to fine tune the pump to the system

Restrictors may also be used to attenuate pulsations in a dead-ended line such as that terminated by a static pressure
transmitter. When a transmitter must be located at the end of a line, a small restrictor should be placed at the acoustic
source (i.e., the "T" where the dead-end line begins). This may protect the entire line and transmitter from significant
acoustical energy. A secondary benefit is attenuation of system transient pressure spikes that may cause erroneous
cockpit indications on a poorly damped pressure gage.

A check valve may be used to "acoustically" isolate a dead-end ground service line that leads to the system pressure
supply. Again, the check valve must be placed at the downstream end of the service line adjacent to the main line. This
will isolate the service line from pressure pulsations generated by the onboard system pump during normal aircraft
operation.

4.2 Hydraulic Pump Response Characteristics
Each variable displacement hydraulic pump is a highly under-damped servomechanism with a transient response that is
dependent on many pgrameters. System and pump characteristics that affect response (time rpte of pressure change
(dp/dt)) are:

a. Fluid bulk modulus
b. Fluid volume under compression
c. Line characteristic impedance

d. System load charagteristics

e. Pump speed

f. Pump leakage
g. Pump flow gain
h. Pump/compensator|gain

i. Initial steady state gressure and<{low
These factors also play|a critical part in determining pump stability. When system flow demands| change, corresponding

transient pressure chgnges™will occur. These perturbations in line pressure are sensed by the pump pressure
compensator that then tries’to compensate for the changes in pressure by adjusting the flow

The change in flow depends on how far the line pressure is away from a reference value set in the pump. The speed of
response is defined as the time required for the pump control to maintain pressure in either direction (zero flow to full flow
or full flow to zero flow demand) in the pressure compensated range.

Because of the many parameters that affect pump response and stability, the hydraulic system designer must adequately
specify the circuit and the performance required. The pump performance should be such that any pressure overshoot is
limited when pump demand is reduced from full flow to zero flow. Figure 12 presents a typical transient pressure — time
characteristic as the pump responds to the system flow demand from full flow to zero flow. Under the same conditions,
the system relief valve is to limit the overshoot should the pump compensator fail. On sudden demands of flow, such as
zero flow to full flow, the pump should respond to limit system pressure reduction to a minimum value. Figure 13 presents
a typical transient pressure — time characteristic as the pump responds to the system flow demand from zero flow to full
flow. The pump should also provide 90% of steady state full flow pressure within a specific time period. Note that the
design of the inlet line also plays a key role in this characteristic.

More information on pump response characteristics is contained in AS595 and AS19692.
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4.3 Check Valve in Pump Outlet Line

The use of a check valve in the pump outlet line is to prevent back flow that can cause back drive motoring (such as when
external hydraulic power supply ground support equipment is pressurizing the hydraulic system while the engine-driven
pump is not rotating) of the pump and protect the pump from adverse system pressure spikes.

The location of a check valve in the outlet line can greatly affect the resonant characteristics of the pump and the system.
This is particularly significant in systems that have zero flow conditions. During the transition from a flow to a zero flow
condition the high transient pressure produced by the pump passes over the check valve. When the pump regulates its
output pressure back to nominal the check valve prevents back flow from the system, trapping this higher transient

pressure in the system,

a.

which has two effects:

The system pressure indication is too high

b. The pump is expose
Even without the transi
peak of the pressure rip|
4.4 Parallel Pump Ins

In parallel pump installg
order to prevent any intg

One way to operate tw|
valve in the outlet line

valve will supply the flov
the pump with the highe

The check valve should
5. PUMP CASE DRAI
5.1 General

The function of the pum
drain line provides a mq
to be considered in the
all hydraulic system line

NOTE: Some pumps m

d to a very small system volume up to the check valve which may create, stability problems

ent pressure effect, a check valve that is located very close to the lpump may integrate normal
pressure ripple of the pump until the pressure recorded downstream of the check valve reaches t

ple.
tallations

tions, means should be provided to have a master/slave relationship bet
bractions with each other, and hence eliminate any.problems of pump instg

o parallel pumps in this master/slave relationship is to install a higher o
bf one of the pumps. For small flow demands, the pump with the lower ¢
V; however when a large flow demand_occurs, the system pressure will reg
r cracking pressure check valve to also supply fluid.

be designed with adequate damping to preclude poppet instability around

N LINE

p case drain line is primarily the removal of internal leakage from the pum
ans of rejecting heat from the unit, and offers a means of monitoring pun
design ofi\the case drain lines include the normal hydraulic tubing practic
S in addition to the guidelines and factors which follow.

e level of the maximum

ween the two pumps in
bility.

racking pressure check
racking pressure check
uce which then enables

the cracking point.

p. In so doing, the case
p performance. Factors
bs that are observed for

By not have an external case drain line. Rather, the pump case is conneg

ted internally to the low

pressure suction port.

his configuration unit may only be used in applications in which the pump is always delivering

some output flow to the system high pressure line. System duty cycle flows or quiescent flow leakage must be sufficient to
reject the heat generated by the pump. A fixed displacement pump may safely incorporate an internal drain. Variable
delivery pumps with internal drains may be operated at zero flow for short periods of time only (i.e., to set/adjust pressure
controls).

5.2 Case Drain Pressure

The pump envelope is directly affected by the internal case pressure level, whereby higher pressures require
correspondingly higher design strength in the housing, interfacing joints, and fasteners. The effect of case pressure on the
static seals and drive shaft seal members of the pump must be considered and the impact on the unit sealing integrity
evaluated

The case pressure imparts an axial thrust on the drive shaft equal to the product of the shaft seal differential area (area
exposed to case pressure minus atmospheric pressure) times the case pressure level. This load is transmitted through
the main shaft bearing thereby affecting the life of that bearing.
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Present aircraft applications require pumps to be designed for case pressures up to 500 psi (3450 kPa) operating, 1250
psi (8625 kPa) minimum burst. The normal operating level is usually much lower than the level specified for structural
integrity.

Back pressure (i.e., the differential pressure between case pressure and pump inlet pressure) has a direct effect on the
balance and loading of the pump rotating group. An axial force is exerted on each pumping piston during the suction
stroke by a positive case drain back pressure. The piston return mechanism must be designed to withstand this force in
addition to the inertia and friction forces inherent to the design.

High back pressure can also cause the pump internal leakage to be "short circuited" back to pump inlet through the piston
shoes (slippers) during the suction stroke rather than being vented out the case drain line. This results in a loss of pump
heat rejection capability that may cause overheating during low outlet flow operation and the subsequent deterioration of

the fluid and pump internal parts.

Ideally, the case drain p|
pressures must be fully

In some designs, an in
primary purpose of the
the case housing.

5.2.1 Case Drain Sca
The use of a scavenge
drain line pressures. It

assures adequate casg
system heat exchanger

Care must be exercised
shaft seal of the pump g

5.3 Case Drain Line -
Case drain lines must b

allowable case pressurg
the reservoir, and the ¢

must be considered when establishing the maximum case drain flow. Flow spikes due to the move

pump controls during tra

A case drain line with
system design and effe]
connecting the case di

ressure and inlet pressure should be comparable. The effect of extended
understood in the design and use of the pump especially in the low outlet'i

tegral relief valve between the pump case and the low pressure.inlet p
relief valve is to relieve a steady-state case overpressurizationin order t
venge Pumps

pump in the case of the pump is advantageous+in'systems with potentig
brevents the high case drain line pressures being applied to the rotating
drain flow under all conditions to providecoptimum cooling of the pum

if one is located in the case drain line of the pump.

in the pump design either to avoid applying the pressure produced by th

Direct to Reservoir and Return’Line

e sized to pass the maximum determined case drain flow at pressures at

e for the pump. Factors affecting sizing of the line include the line length
bmponents in the(line (i.e., filter, cooler, valves, etc.). All conditions and m
nsient operation must also be determined.

AN in-ling€ filter and cooler and connected directly to the system reservo

ainline to the return line or some other low pressure line in the syste

r to design the seal and shaft bearing to accept these pressures and loads.

bperation with high back
low modes.

brt is incorporated. The
b prevent the rupture of

lly persistent high case
group of the pump and
p and flow through the

b scavenge pump to the

br below the established

to the point of return at

odes of pump operation
ment and venting of the

r provides the simplest

ctivelyvisolates the case drain. Design consideration, such as long line I¢ngths, etc. may dictate

n. The case should be

protected from system pressure Spikes or back flow Dy proper valving, Check valves, etc. it this po

ential exists

The system designer should specify system characteristics and that pump testing should be performed in systems
incorporating realistic case drain characteristics. The case drain line characteristics should be provided on a plot of flow
versus pressure drop between the pump case drain port and the reservoir, or the point of return.

The case drain line often provides the optimum location for the system cooler due to the higher temperature levels and
total fluid flow normally associated with this line. Adequate flow for cooling must be maintained to assure proper cooling at
all conditions and a filter upstream of the cooler should be utilized to prevent contamination of the cooler which could
result in higher case pressures and loss of cooling capacity.
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5.4 Case Drain Flow Change

The case drain flow offers the best indicator of the pump's condition. The deterioration of the running/sealing surfaces in a
pump will be reflected in an increase in case flow due to increased internal leakages. The detection of this increased flow
allows for the early removal of a unit prior to catastrophic failure (i.e., one in which the pump is lost, system hydraulic
power lost, and the system contaminated).

The differential pressure indicator incorporated on some filters provides one type of monitoring device. The indicators
operate on the pressure drop across the filter element and are intended as fairly crude monitors. They do not differentiate
between pressure drop due to increased flow, a dirty element, or high fluid viscosity at low temperatures.

Whatever type monitoring device is used, it is mandatory that it always be checked at the same operating conditions

(pump speed, pressure

temperature, and flow). This is necessary to eliminate changes due to varying system pressure,

pump speeds, and fluid

5.5 Parallel Pump Ins
Those hydraulic system
should be designed to (
into the pump case. Th
pump from which they
than the case pressure
several operating pump

It is desirable that the
always lower than the p
is desirable to run the in

The location of the junciion of the drain lines close to a pump case port could also result in backflg

valve installed in each p

The installation of sep{
evaluated by the syster]
check valves. Separatg
contaminants from the f|

A filter in the common
failure of one of the p
contaminants. This cond

temperatures.
tallations

s that utilize parallel pumps where the pump case drains arejeonnected
revent fluid backflow between units as backflow may flush eontaminants f]
is could cause a cross contamination between units @p reintroduction g
briginated. A backflow condition will occur when the_préssure in the com
of any one pump. This condition may be caused.by.a comparatively hig
5 or by a system in which one pump is not operating'(i.e., the pump is on s

common line be sufficiently large and unolistructed so that the pressure
ressure in any of the individual case drain, lines. In cases where the line le
dividual case drain line directly to the.reservoir.

ump case drain line will prevept:backflow into the units.

rate filters for each pump-or the incorporation of one filter in the com
h designer. The installation of separate case drain line filters does not el
b filters will prevent™cross-contamination between pumps but will not g
Iter into the originating pump.

Case drain dine' from multiple pumps will provide the necessary system p
umps may Jcause high case pressure in all units if the filter element
ition eould affect operation of the pumps, compromising the back-up featy

5.6 Miscellaneous

to a common drain line
rom the drain lines back
f contaminants into the
mon drain line is higher
h case flow from one of
tand-by).

b in the common line is
ngth is not very large, it

w into that unit. A check

mon drain line must be
minate the need for the
revent backwashing of

rotection. However, the
s heavily charged with
re of the system.

5.6.1

Pump Connections

Case drain ports are normally marked on the pump housing to prevent the improper assembly of the case drain line.
Additional caution is advised to assure proper connection when connecting lines to pumps that have multiple seal drain
ports in the same proximity as the case drain port.

5.6.2 Quick Disconnect Couplings

Case drain ports are usually located apart from the pump discharge and supply ports and may not be readily visible.
Cautionary measures should be taken to assure that the drain line connection is not overlooked during pump installation.
This is especially essential with sealing quick disconnects where the seal must unseat to complete the connection.
Ensuing pump operation can result in failure due to an overpressure in the pump case and overheating of the pump.
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